To determine the effect of exercise on patients with patellofemoral-pain syndrome (PFPS). Patients: 29 subjects with unilateral PFPS, assigned to control, home-exercise (HE), or physical therapy (PT) group. Intervention: 8-wk exercise program. Main Outcome Measures: A knee survey, visual analog scale (VAS), and 5 weight-bearing tests. Results: MANOVA indicated an overall statistical difference between groups (P < .05). The HE and PT groups experienced less pain than control, and PT experienced less pain than HE (P < .05). In overall knee function and most weight-bearing tests, HE and PT were stronger and more functional than control (P < .05). For anteromedial lunge only PT was stronger and more functional than control (P < .05). Conclusions: Intervention helps PFPS, but there appear to be no differences between home and in-clinic interventions. Key Words: lower extremity function, closed-chain exercise, anterior knee pain Loudon JK, Gajewski B, Goist-Foley HL, Loudon KL. The effectiveness of exercise in treating patellofemoralpain syndrome.
tightness. [11] [12] [13] Conservative treatment rather than surgical intervention is successful in the majority of cases. [14] [15] [16] It is not clear, however, what amount of formal physical therapy is required for successful outcome. Conservative treatment of PFPS has focused on numerous techniques including vastus medialis oblique (VMO) training, taping, knee bracing, biofeedback, nonsteroidal anti-inflammatory medication (NSAIDs), and muscle balance. [17] [18] [19] [20] [21] The most frequently recommended treatment is exercise, although the functional effect of exercise is not well documented. There is considerable disagreement between research outcomes and clinical practice. 22 For example, several researchers have found significant differences in VMO timing in patients with PFPS, and others have not. [22] [23] [24] [25] [26] [27] [28] [29] [30] Most of these studies have focused on biomechanical results, not functional outcomes, which might be more important to the patient.
Total quadriceps strengthening has been shown to be effective for patients with PFPS 10, 17, 31, 32 as isolated VMO strengthening might not occur. 22, 29 The mode of strengthening the quadriceps muscle must be selective because the contact area between the patella and femur changes throughout the range of knee motion. During non-weight-bearing knee extension the quadriceps force increases as the knee moves from 90° to full extension 20 while the contact area decreases. 33 During weight-bearing squatting, quadriceps force increases as knee flexion increases, but there is greater joint-contact area and therefore overall joint reaction force is less per surface area. Therefore, quadriceps strengthening can be safely performed in a weight-bearing position from full extension to 90°. 22 In addition to quadriceps strengthening, flexibility exercises for muscle balance are warranted. Specifically, the length of the gastrocnemius-soleus, hamstrings, quadriceps, and iliotibial band should be examined. 34, 35 Lower limb alignment during weight-bearing exercise is also important. Subjects who use faulty movement techniques (eg, valgus position at the knee) will not likely progress through an exercise program without pain. Therefore, educating patients on proper hip-knee-foot alignment is critical for good outcome. The number of supervised visits required to educate patients with patellofemoral dysfunction on this matter has not been studied.
Taping has become a common clinical treatment for PFPS. Again, there is controversy over its use and benefits. 4, 31, 35, 36 The interrater reliability of patellofemoral-alignment tests to determine patellar alignment for taping is poor to fair. 37 In addition, patellar malalignment measured clinically under static conditions is not a common characteristic of PFPS. 5 Correcting faulty foot mechanics might help decrease symptoms in patients with PFPS. Eng and Pierrynowski demonstrated that soft foot orthotics in conjunction with a structured exercise program resulted in diminished pain in subjects with PFPS. 34 A reduction in subtalar joint pronation theoretically will minimize tibial transverse-plane motion and limit patellofemoral-joint reaction force. 38 The ultimate goal of physical therapy for patients with PFPS is to return the patient to the highest functional level in the most efficient manner. 3 There has been no prospective clinical trial to investigate the efficacy of physical therapy intervention for active patients with patellofemoral pain syndrome, as well as to determine the frequency of in-clinic supervised visits. The Guide to Physical Therapist Practice recommends a wide range, from 6 to 24 visits. 39 The lack of clinical trials means that clinicians have limited evidence on which to base their clinical decisions. The overall goal of our study was to determine the effect of a structured supervised exercise program on the functional outcome of patients with PFPS. Furthermore, we investigated the number of in-clinic visits required for return to function by comparing 2 exercise groups.
Methods

Design
A pretest-posttest control-group design was used for this study. The independent variables were treatment type (home exercise, in clinic, control) and side (involved, uninvolved). There were 7 dependent variables: visual analog scale (VAS), patellofemoral-pain knee scale (SURV), anteromedial lunge (AML; Figure 1 ), step-down dips (SD; Figure 2 ), Total Gym™ leg press (LP; Figure 3 ), balance and reach (BR; Figure 4 ), and bilateral squat (BS). The latter 5 outcome variables are weight-bearing tests, not including BS, on the involved limb, as well as the uninvolved limb.
Subjects
Twenty-nine patients between the ages of 21 and 35 years ( Figure 5 ) with a diagnosis of unilateral PFPS of at least a 2-month duration completed the study. PFPS was operationally defined as pain around or under the patella, with the diagnosis made by the primary physician. In addition, the subjects had to meet 3 of the 4 inclusion criteria 40 : pain in the patellofemoral joint during or after activity, pain in the patellofemoral joint during or after sitting, pain in the patellofemoral joint during stair climbing, and pain in the patellofemoral joint during squatting. All subjects were active in sports or aerobic-type exercise at least 120 min/wk.
Exclusionary criteria for this study included history of patella trauma, subluxation, or dislocation; confirmed ligamentous, meniscal, or fat-pad damage (Hoffa's syndrome); evidence of tendinitis, bursitis, or chronic effusion (>1 month); surgery in the lower extremity; osteochondral or chondral fractures; upper or lower motor-neuron lesion; radiographic evidence of osteoarthritis in the patellofemoral or tibiofemoral joint; difficulty understanding English (precluding them from answering the questions on questionnaire); open physeal growth plates; and use of intra-articular injections of glycosaminoglycans polysulphate. At baseline, there were 12 subjects in each group. One subject dropped out of the control group. Two subjects did not return in the physical therapy (PT) group, and 1 subject decided to have surgery. Three subjects did not follow the exercise program in the home-exercise (HE) group. Data from subjects completing 90% or more of the exercise program were included in the statistics. The final counts were 11 for the control group and 9 subjects in each of the exercise groups.
Patients who met the inclusion criteria were assigned to the PT group, HE group, or control group in the order that they were referred. It was assumed that the order of referral was random. The first eligible subject was placed into the PT group, the second was placed in the HE group, and the third in the control group, and so on. Subjects were recruited over a 30-month period. After obtaining informed consent, which was IRB approved in the spirit of the Helsinki declaration, each subject underwent baseline testing Step-down test. (T1). If a subject was assigned to the PT group, the therapy sessions started at a frequency of 2 times a week for 4 weeks, followed by 1 visit at week 6 and week 8, for a total of 10 physical therapy visits in 8 weeks. If the subject was assigned to the HE group, the intervention began at that time. Followup on the exercise program occurred at weeks 2, 4, 6, and 8, resulting in a total of 5 physical therapy visits. Subjects in the control group were asked to carry on with normal activities and did not receive any specialized oneon-one therapy. Subjects in the control group could continue with their present exercise programs at their own discretion. The posttesting session (T2) occurred 8 weeks after T1.
For this study, medial knee taping was used in subjects who noticed a decline in pain symptoms with a step-down test. 41 Foot position was evaluated in this study because of the association between foot and patellofemoral-joint biomechanics. 42, 43 The criterion for orthotic use was a navicular-drop test of 10 mm or more. 44 Three subjects in the PT group used the tape; 2 used it through week 3 and 1 through week 4. Two subjects in the HE group used tape through week 4. Only 1 subject in the control group used the tape and abandoned using it after 1 week because of skin irritation. Ten other subjects among the 3 groups had pain with the step-down test, but the tape did not affect step-down pain.
Experimental Measurements
Seven measurements were taken preintervention and postintervention.
Visual Analog Scale. A 10-cm horizontal line was used to assess patellofemoral knee pain over the 24-hour period immediately preceding the test. The left-hand end indicated pain free, and the extreme right represented severe pain. The value each subject marked was measured with a standard ruler and then converted to a unitless pain score. The VAS has been previously validated in the literature 45 and used with patients with PFPS. Patellofemoral-Pain Knee Scale. This is a validated survey developed by Kujala et al. 46 The questionnaire used was an 100-point survey that asks questions regarding function in the form of squats, stairs, running, and pain and swelling. The questionnaire is illustrated in Figure 5 .
Anteromedial Lunge. For the anteromedial lunge, each subject stepped forward with the uninvolved limb so that the front leg was bent to 90° and crossed the midline. The subject had to maintain good balance and an erect trunk posture. The maximal distance out of 3 trials was recorded and marked. Eighty percent of the maximal distance was calculated and marked with a piece of tape. For the test, the number of lunges the subject performed in 30 seconds beyond the 80% mark was recorded. If the subject deviated from path of motion or took an extra step, the lunge was not included in the count. The involved limb was then tested using the 80% mark from the uninvolved limb. The intrarater reliability of this test was previously tested, and the ICC value was .90.
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Step-Down Dip, Left and Right. The step-down was performed from a 6-in-high platform. Each subject stepped down with the heel of 1 leg lightly touching the floor for balance and then returned to full knee extension. Each heel touch was counted as 1 repetition. The number of repetitions performed in 30 seconds was recorded. The test was repeated for the opposite limb. The intrarater reliability of this test was previously tested, and the ICC value was .92.
Leg Press. Each subject was positioned on the Total Gym™ (Engineering Fitness International, Inc, San Diego, Calif) at level 7, which was considered to be 50% of the subject's bodyweight. The subject began with 1 knee in full extension on the platform. The other limb was held in the air or crossed over the stable limb. One repetition consisted of a complete cycle of full knee extension to 90° knee flexion and return to full knee extension. The number of unilateral squats completed in 30 seconds was recorded. The test was repeated for the opposite limb. The intrarater reliability of this test was previously tested, and the ICC value was .90. 47 Balance and Reach. For the balance and reach, each subject reached forward with the involved limb so that the heel touched the floor; most of the body weight remained on the back leg. The subject was given 3 trials to reach as far as he or she could. This distance was recorded, and 80% of the maximum distance was calculated. This 80% distance was then marked. The number of touches the subject could reach beyond the 80% mark in 30 seconds was recorded. The test was repeated for the opposite limb. The intrarater reliability of this test was previously tested, and the ICC value was .80.
Bilateral Squat. Subjects started this test standing with the knees in full extension, shoulder width apart, and weight evenly distributed on both limbs. Subjects lowered their bodies to a knee position of 90° and then returned to full extension. One repetition consisted of a complete cycle of straight standing to 90° knee flexion and return to straight standing. The number of bilateral squats completed in 30 seconds was recorded. The intrarater reliability of this test was previously tested, and the ICC value was .90. 47 
Procedure
All subjects participated in 2 testing sessions consisting of the following protocol. Each subject completed the patellofemoral-pain knee scale 46 and a visual analog scale. The subject was then instructed on the proper techniques for each of the functional-performance tests. The subject performed each of the functional tests in a random order. Testing-leg order was also randomly assigned for the Total Gym leg-press and step-down tests. Each test was performed once per session. All tests were performed without a brace or taping. Each subject began by performing a warm-up that consisted of low-resistance ergometer cycling. Task-specific warm-up included practice of each functional-performance test before actual testing. A written description of each test was read to the subject, and then the tester demonstrated the test. Participants received no verbal encouragement during actual testing. Subjects were allowed 1-minute rests between tests. In addition to the experimental measures, clinical measures were assessed at the first visit. These measures included knee range of motion, naviculardrop test, 42 step-down with pain assessment, knee stability (Lachman test, valgus/varus stress test), patella position relative to lateral femoral condyle, and muscle flexibility.
Intervention Program
The intervention consisted of a structured program with varying amounts of supervision depending on each subject's grouping. The length of the supervised exercise program was 8 weeks. 17 The exercises are based on biomechanical principles described in the literature. 17, 22, 40 Flexibility of the quadriceps, hamstrings, hip flexors, and gastrocnemius were assessed on the first visit, and stretching of these muscles was prescribed, with stretches to be held for 20 seconds × 3 repetitions. 17, 21, 34, 35 Patellar mobilization to balance the patella's position in the femoral groove was performed if, in slight knee flexion, the patella did not sit equidistant from both epicondyles or if it was tilted so that one border was higher than the other. Commonly, a medial-glide or lateral-tilt correction is required as a result of tight lateral structures. 21 Quadriceps strengthening in the form of isometrics, followed by straight-leg raises and finally closed-chain exercise (leg press, minisquat, step-ups, lunges, balance and reach), was instituted throughout the program. 17, 22, 40, 48 Other muscles that were targeted for strengthening included the hamstrings, gluteus medius, and gastrocnemius-soleus because of their contribution to muscle balance about the knee. 16, 43, 49 Aerobic exercise was also included for total-body conditioning. 35 Subjects were asked to keep a diary of their exercise program, and those who do not complete 90% of the exercise program were excluded from the study.
The first intervention was provided to the PT group. In this group, the initial session consisted of an educational component that covered a description of the patellofemoral joint, patellofemoral-joint dysfunction, and self-management of symptoms using ice and activity modification. Initial exercises and their dosages were prescribed. The exercise program and exercise instructions are listed in Table 1 . Exercise progression continued as listed if the subject was able to complete all exercises without substitution or increased pain. Subjects visited the physical therapist twice a week for 4 weeks for exercise refinement and supervision. They were instructed to perform the same exercises, at home, 2 other days of the week. Interviews were conducted regarding compliance with their home exercise program, and subjects were encouraged to continue with the exercises. After week 4, 2 more visits were required at week 6 and week 8 to progress the program. Prefabricated orthotics were provided if the navicular drop was 10 mm or more. Medial knee taping was performed for subjects who experienced symptom improvement with the step-down test. Subjects were allowed to take NSAIDs as directed by their physician.
The second intervention was provided to the HE group. The initial session consisted of an educational component that covered a description of the patellofemoral joint, patellofemoral-joint dysfunction, and self-management of symptoms using ice and activity modification. Initial exercises and their dosages were prescribed. The exercise program and exercise instructions are listed in Table 1 . Exercise progression continued as listed if the subject 
Straight-leg raise (G1,G2), 1 set of 25
Gluteus medius L1 (G1,G2), 1 set of 30
Seated foot pushes (G1,G2), 1 set of 25, 5-s hold
Aerobic exercise (bike, treadmill), 10-30 min
Leg press (G1,G2), unilateral, 1 set of 25
Minisquats (G1,G2), pain free to sitting, 1 set of 25
Hamstring curl pulley/ t-band (G1,G2), 1 set of 25
Heel raises (G1,G2), unilateral, slow, 1 set of 25
Single-leg balance (G1,G2), eyes open/closed, up to 30 s
Gluteus medius L2 (G1,G2), 1 set of 30
Step-up forward/lateral (G1,G2) 6-8 in, 1 set of 30
Step-down (G1,G2), 1 set of 15
Lunge forward (G1,G2), alternate, 1 set of 10 each leg †Subject will progress to next step if able to complete the new exercise without substitution, increased swelling, or loss of range of motion. ‡Flexibility program will be specific for individual's need and will include hamstring, hip flexors, gastrocnemius soleus, tensor fascia lata-iliotibial band.
could complete all exercises without substitution or increased pain. Subjects visited the physical therapist on weeks 1, 2, 4, 6, and 8. These sessions were used to prescribe new exercises and answer questions. Subjects were instructed to perform their exercises once a day, 4 d/wk. An exercise log was used by each subject to monitor exercise compliance. Prefabricated orthotics were provided if the navicular drop was 10 mm or more. Medial knee taping was performed for subjects who experienced symptom improvement with the step-down test. Subjects were to continue taping at home and were allowed to take NSAIDs as directed by their physician. The third intervention was defined for the control group. Subjects in this category were given a pamphlet on PFPS. They were asked not to begin any new exercises for 8 weeks. Prefabricated orthotics were provided if the navicular drop was 10 mm or more. Medial knee taping was performed for subjects who experienced symptom improvement with the step-down test. Subjects were to continue taping at home as long as they felt it was helpful with pain relief and were allowed to take NSAIDs as directed by their physician. Subjects in this control group were offered the 8-week exercise program after the posttesting session.
Data and Statistical Analyses
Data forms were used to record each testing session and stored both electronically (Microsoft® Excel) and on hard copy. We converted the data to an SPSS® for Windows® file (SPSS Inc, Chicago, Ill) containing information regarding experimental-group membership (control, HE, or PE), baseline demographics (age, height, and weight), and experimental outcome variables measured preintervention and postintervention.
To assess the success of the group-assignment process, we tested baseline characteristics using ANOVA for continuous variables (age, height, and weight) and calculated chi-square statistics for the categorical variable gender. A series of statistical tests was used to assess the substantive outcomes of the trial. MANOVA tested the effects of group membership on all outcome variables simultaneously. A significant overall MANOVA effect (P ≤ .05) was required before univariate analyses were performed on individual variables. ANOVA tested the effects of group membership on individual outcome variables. Before we permitted pairwise comparisons, we required a significant overall ANOVA effect (P ≤ 0.05). We calculated pairwise comparisons using the Tukey Student-Newman-Keuls (SNK) procedure. A Bonferroni adjustment of the overall type I error was unnecessary given that the statistical procedure consists of nested hypothesis testing (ie, ANOVA was examined only when MANOVA was significant). Withingroup 95% confidence intervals evaluated the significance of changes in outcome variables from preintervention and postintervention within group. We conducted all statistical analyses with SPSS. To test the outcomes for the involved limb relative to uninvolved limb during weight-bearing activity, we used a limb-symmetry index (LSI). The LSI is the ratio between the outcome for the involved limb divided by the outcome for the uninvolved limb times 100%: LSI = (involved/uninvolved) × 100%. An LSI less than 100% indicates that the uninvolved limb outperformed the involved limb, which was the preintervention expectation given that this population suffers from PFPS. BS is a raw number of repetitions on both limbs simultaneously, not requiring an LSI.
Results
For the subjects in the final analysis, the means and SDs for age, height, and weight by group are included in Table 2 . All 3 groups were comparable with respect to age (P = .7682), height (P = .5424), weight (P = .3942), and gender (P = .954). Table 3 contains the mean outcomes for preintervention and the postintervention variables AML, SD, LP, BS, BR, SURV, and VAS categorized by the groups control, HE, and PT. Table 4 shows the statistical analysis. MANOVA revealed overall significant differences between the groups (P = .0000), and ANOVA showed significant differences between groups for all outcome variables: VAS (P = .0000), SURV (P = .0001), AML (P = .0177), SD (P = .0058), LP (P = .0000), BR (P = .0002), and BS (P = .0192). Because all were significant, we performed multiple comparisons on all outcome variables. The Tukey SNK showed differences between control and both HE and PT for the outcomes SURV, SD, LP, BR, and BS. For VAS, control, HE, and PT were all different. For AML, control and PT were different but control and HE were the same.
Also shown in Table 4 are within-group 95% confidence intervals. This analysis indicates that the control group had no statistical significant *Percentages are for limb-symmetric index (LSI, %) in the weight-bearing activities. VAS indicates visual analog scale; SURV, knee-pain scale; AML, anteromedial lunge; SD, step-down dips; LP, leg press; BR, balance and reach; and BS, bilateral squat.
improvement in any outcome variables. That is, their 95% confidence intervals all cover zero. The HE group, however, had statistically significant improvement in the outcome variables VAS, SURV, SD, LP, BR, and BS. The PT group had statistically significant improvement in all outcome variables: VAS, SURV, AML, SD, LP, BR, and BS.
Comments
The purpose of this study was to determine the effect of a structured supervised exercise program on the functional outcome of patients with patellofemoral pain syndrome (PFPS). A secondary purpose was to determine the frequency of in-clinic supervision required for return to 90% to 100% function. Previous studies have demonstrated improvement in various strength measures in patients with PFPS. Thomee investigated 40 patients randomized into 2 groups: One group performed isometric strengthening and the other performed eccentric exercise for 12 weeks. 40 Pain level, physical activity, and muscle function were evaluated at 3 and 12 months. No statistical difference was found between groups. Both groups reduced pain and increased isokinetic torque production (at 30°/s) and verticaljump height. Only limited conclusions can be drawn because there was no progression in the training program and no control group was used. Doucette and Goble found improvement in pain and quadriceps strength after an average of 8 weeks of exercise in patients with patellofemoral pain. 17 The program averaged 11 visits over the 8 weeks, but no control group was used.
Our study was unique in that the number of physical therapy visits varied between the 2 exercise groups and a control group was included that took part in no exercise program. We anticipated a difference in the outcome between exercise groups based on the amount of supervision given for the exercise program. We expected less improvement in the HE group than in the PT group. Our trial did not detect a statistically significant difference between HE and in-clinic groups. Although the PT group improved to a greater extent from baseline than the HE group, the outcome values were not different. This would indicate that minimal supervision is required for improvement in functional outcome in patients with PFPS. It is imperative, however, that the subjects complete the home exercise program. Perhaps a better differentiation between exercise groups would be 1 visit versus 10 visits. We monitored compliance using an exercise log, which in itself could have motivated the HE group to keep exercising. Harrison et al 53 found that supervision resulted in faster improvement in PFPS patients, at least for the short term. These researchers concluded that in the long term (1 year), a home exercise program was "as effective as more time and resource intensive interventions." 53,p100 Our treatment program was eclectic in nature. Besides exercise, we included taping, inserts, and NSAIDs. In order not to confound the use of these adjunct treatments, all groups were required to use these tools if they met the criteria. The exercise program progressed from standard isometric exercises to weight-bearing exercises over the 8 weeks. The success of weight-bearing (closed-chain) exercises for this population has been demonstrated by Steinkamp et al. 48 In their study, subjects who trained with closed-chain exercise improved in both a step-up test and isokinetic exercise compared with a group that only used isometric quadriceps exercise. Our results differ from those of a study by Clark et al, 50 who found no significant difference between 4 treatment groups (2 exercise groups, 1 group given tape and education, and 1 group given education alone) in that our control group, although given orthotics and tape, did not improve to the extent that the 2 exercise groups did.
Pain can be a limiting factor in exercise progression for subjects with PFPS. A structured progressive exercise program is critical for a successful outcome in this population. Other studies 9, 40 have used a VAS to monitor pain level and discovered that VAS scores declined over time with a structured exercise program. In our study, the VAS was used preintervention and postintervention to gauge pain. The PT group started with an average VAS of 56. The other 2 groups had comparable VAS at baseline (HE 36.1, control 37.7). After the intervention, the VAS for all groups decreased but was statistically different only in the exercise groups. These findings are similar to those of other studies using exercise as an intervention. For example, Harrison et al 53 found that pain level diminished after initiation of an exercise program.
The patellofemoral knee survey, a scale validated by Kujula, subjectively evaluates functional tests such as walking, stairs, running, squatting, and jumping. Preintervention, the 3 groups scored on the average within 11 points. The control group increased by less than 3 points, whereas the intervention groups increased significantly, 15.6 for HE and 24.3 for PT. It appears that the exercise program benefited the subjects, resulting in a decrease of pain and improvement in function.
One of the goals of this study was that subjects achieve 90% of the level of the uninvolved extremity (LSI) on the unilateral functional tests. The LSI was used in this study to gauge change preintervention to postintervention. The LSI has been described in the literature as a return-to-sport criterion. Barber et al suggested an LSI of 85% as satisfactory for determining normalcy in anterior-cruciate-ligament-reconstructed patients. 51 Because PFPS is so variable and function depends on the presence or lack of pain, a higher LSI, 93% to 95%, for each functional test has been advocated. 52 We found no studies in the literature that focused on LSI for this population. In this study, both exercise groups improved on all dependent variables, and the LSI reached over 95%. The most pronounced effects were seen for the leg-press test. None of the postintervention LSIs reached over 90% in the control group.
The only functional test that did not discriminate between control and intervention groups was the bilateral squat. The bilateral squat increased for all groups, and there was no statistical difference between groups. A possible explanation could be the bilateral nature of the test. Because weight distribution was not monitored, subjects could have placed more weight on the uninvolved side in order to perform the squat repetitions.
Conclusion
In this short-term clinical study, a structured, progressive exercise program appeared to reduce pain and improve function in subjects with PFPS. No clear distinction was found between 2 exercise groups with varying amounts of in-clinic physical therapy. After 8 weeks, it appears that a minimum of 5 visits for therapy is enough to reduce pain and improve function in patients with PFPS. It is critical that patients comply with their home exercise programs. Future study should include a home-exercise group that is given a set of exercises to complete without further instruction or progression. In addition, a long-term follow-up would improve the generalizability of the results.
